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cialization	 (Figure	1)	 and	 then	generated	 the	 following	predictions:	 (i)	
specialists	at	the	plant	level	(A–B)	should	be	innately	attracted	to	info-
chemicals	produced	by	the	plant;	 (ii)	 specialists	at	 the	herbivore	 level	

































of	 natural	 enemies	 can	 present	 different	 degrees	 of	 specificity	 de-
pending	on	signal	specificity.


















Turlings,	 Lewis,	 &	 Tumlinson,	 1993).	 Moreover,	 some	 species	 only	
respond	to	HIPVs	induced	by	their	particular	hosts	(DeMoraes	et	al.,	
1998;	Du,	Poppy,	&	Powell,	1996),	while	others	are	attracted	to	HIPVs	
released	 by	 plants	 attacked	 by	 nonhost	 herbivores	 or	 by	 artificially	









to	HIPVs	 and	 the	 different	mechanisms	 underlying	 their	 responses.	
To	characterize	parasitoid	behavior,	we	examined	two	key	traits:	 re-




We	 tested	 five	 predictions.	 First,	 specialist	 parasitoids	 (Figure	1a,c)	
should	respond	to	highly	specific	HIPVs,	while	generalist	parasitoids	




oids	 that	attack	nonfeeding	host	 life	stages	 (e.g.,	eggs)	 should	show	




2  | MATERIALS AND METHODS
We	searched	 for	 relevant	 references	 in	 the	Web	of	Science,	 in	 the	
Science	 Citation	 Index	 ExpandedTM	 database.	 All	 articles	 published	
before	15	September	2016	and	matching	the	following	queries	were	




















sponses	 to	HIPVs	 in	 a	 binary	 fashion.	 Specificity	 conveyed	 the	 de-
gree	 to	 which	 a	 parasitoid’s	 response	 was	 specific	 versus	 generic.	


















2003);	n =	29),	 oligophage	 (attacks	 hosts	 of	 single	 family	 but	multi-
ple	 subfamilies;	n =	9),	 or	 specialist	 (attacks	 hosts	 of	 one	 subfamily;	
n =	28);	(ii)	host	dietary	breadth:	broad	(host[s]	attack	different	taxo-
nomic	families	of	plants;	n =	48)	or	narrow	(host[s]	attack	plants	of	one	
family;	n =	18);	(iii)	target	host	life	stage:	egg	(n =	17),	larva	(n =	41),	or	




different	 orders:	Diptera	 (n =	3)	 and	Hymenoptera	 (n =	63).	Their	 de-
grees	of	relatedness	were	thus	highly	variable.	To	avoid	bias	in	our	results	
due	 to	 phylogenetic	 autocorrelation,	 we	 accounted	 for	 phylogenetic	




(Quicke,	 2015);	 the	 family	 Eulophidae	 (Burks,	 Heraty,	 Gebiola,	 &	
Hansson,	2011);	the	subfamily	Aphidiinae	(Sanchis,	Latorre,	González-	
Candelas,	&	Michelena,	2000);	the	subfamily	Opiinae	(Wharton,	Yoder,	
Gillespie,	 Patton,	 &	 Honeycutt,	 2006);	 the	 subfamily	 Microgastrinae	
(Mardulyn	&	Whitfield,	1999);	and	the	subfamily	Exoristinae	 (Tachi	&	
Shima,	2010).	 It	must	be	noted	 that	 the	 resulting	 tree	 (Appendix	S2)	
does	not	have	interpretable	branch	lengths	as	the	criteria	used	in	the	
different	source	publications	were	not	equivalent.
To	 remove	 phylogenetic	 autocorrelation	 (Appendix	 S2),	 autore-
gressive	models	were	 used	 (Cheverud,	Dow,	&	 Leutenegger,	 1985).	
First,	Abouheif’s	matrix	of	phylogenetic	proximities	was	built	(Pavoine,	
Ollier,	 Pontier,	 &	Chessel,	 2008):	 this	matrix	 provides	 a	measure	 of	
phylogenetic	relatedness	between	species	pairs	that	does	not	account	
for	branch	 length.	Then,	a	 lag	vector	was	defined	for	each	response	
trait	 (i.e.,	 specificity	and	 innateness)	using	the	phylogenetic	proximi-
ties	matrix.	The	lag	vector	represented	the	variation	in	the	response	
that	was	explained	by	phylogeny	(Appendix	S2).	Each	of	the	two	re-
sponse	 traits	was	 then	 analyzed	 independently	 by	 fitting	 a	 general-
ized	linear	model	(GLM)	with	a	logit	link	function	and	binomial	error.	
The	explanatory	variables	were	the	response-	specific	 lag	vector	and	
the	 focal	 life-	history	 traits.	Nonsignificant	 life-	history	 traits	were	re-
moved	in	a	stepwise	fashion	from	the	model	based	on	chi-	square	tests	
of	 residual	 deviances.	Analyses	were	 performed	 using	 R	 v.	 3.1.1	 (R	














Response specificity Response innateness
Deviance reduction df p-value Deviance reduction df p- value
Parasitoid	host	specialization 6.24 2 .04 1.67 2 .43
Host	dietary	breadth 0.94 1 .33 0.01 1 .91
Target	host	stage 5.24 2 .07 6.63 2 .04
Lifespan 3.56 1 .06 1.10 1 .30
Egg-	laying	pattern 3.57 1 .06 3.06 1 .08
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to	 respond	 to	 specific	 signals	 produced	 by	 plants	 attacked	 by	 their	
host(s).	Indeed,	about	78%	of	specialist	parasitoids	failed	to	respond	to	
signals	emitted	by	plants	damaged	by	at	least	one	nonhost	herbivore	
or	 artificially	 damaged	 (Figure	2).	 Generalists	 showed	very	 different	




p =	.56)	or	generalists	 (t =	1.29,	p =	.20).	They	showed	an	 intermedi-
ate	level	of	response	specificity:	about	67%	of	oligophagous	species	
responded	only	to	damage	caused	by	their	hosts,	while	33%	also	re-
sponded	 to	generic	 signals	 (Figure	2).	Host	dietary	breadth	was	not	
correlated	with	response	specificity	(Table	1,	Appendix	S3).
The	 other	 life-	history	 traits	 were	 not	 correlated	 with	 response	
specificity	(Table	1).	The	percentage	of	parasitoid	species	attracted	to	
generic	HIPVs	were	 similar	 regardless	 of	 lifespan	 or	 egg-	laying	 pat-
tern	(Appendix	S3).	With	regard	to	target	host	life	stage,	no	parasit-














Contrary	 to	 what	 was	 hypothesized,	 response	 innateness	 was	
linked	 neither	 to	 parasitoid	 host	 specialization	 nor	 to	 host	 dietary	






played	an	 innate	 response	 (t =	2.28,	p =	.03):	 only	37.5%	 responded	
to	HIPVs	without	having	had	previous	oviposition	experience	with	a	
given	plant–host	complex.	The	remaining	62.5%	needed	to	learn	the	



































































































n = 27 n = 8 n = 28
(a)
(b)










responded	 to	 more	 generic	 HIPVs;	 (ii)	 specialist	 parasitoids	 whose	
hosts	have	a	narrow	dietary	breadth	did	not	display	greater	response	









theory	 regarding	 infochemicals	 and	 dietary	 breadth:	we	 found	 that	
about	85%	of	parasitoid	species	were	innately	attracted	to	HIPVs	and	
that	response	innateness	was	not	correlated	with	the	range	of	plants	





Nevertheless,	Vet	 and	Dicke	 (1992)’s	 general	 prediction	 regard-






















































Target host life stage
Egg Larva Adult























































n = 14 n = 49
(a)
(b)
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be	explained	by	host	motility:	as	adults	are	far	more	motile,	plant	vol-
atiles	 released	 following	herbivore	damage	at	 time	 t	might	not	nec-
essarily	 reveal	 an	adult’s	position	at	 time	 t +	1.	Parasitoids	of	adults	
might	be	better	off	focusing	on	volatiles	emitted	directly	by	the	host	
(e.g.,	sex	pheromones).
Olfactory	 learning	 occurs	 at	 different	 stages	 of	 insect	 ontog-
eny	 (Gandolfi,	Mattiacci,	&	Dorn,	2003).	 In	parasitoids,	which	spend	
their	 preimaginal	 stages	 in/on	 their	 host,	 it	 is	 difficult	 to	 determine	
whether	 individuals	are	naive	or	have	 learned	to	recognize	chemical	








stance,	when	 reared	on	Brussels	 sprouts	Brassica oleracea,	 both	 the	







response	can	be	 forgotten	 […]	 as	a	consequence	of	another	experi-
ence”	 (Vet	 &	 Lewis,	 1995).	 Response	 forgettability	 has	 rarely	 been	
studied	in	the	context	of	parasitoid	attraction	to	HIPVs	but	might	be	
an	important	aspect	of	foraging	behavior	plasticity,	especially	in	long-	
lived	species.	 Indeed,	associative	 learning	might	be	more	 frequently	





















with	 the	 definition	 involving	 either	 prey	 species	 number	 or	 diver-






effort	 that	 has	 been	 deployed	 for	 a	 given	 species.	 However,	 this	
categorization	 system	 remains	 somewhat	 arbitrary	 as	 species	with	
many	hosts	in	a	given	subfamily	can	be	called	specialists	(e.g.,	A. ervi; 
Thompson,	 1953),	while	 species	with	 a	 few	hosts	 scattered	 across	
different	 families	 can	 be	 called	 generalists	 (e.g.,	 Telenomus podisi; 
Thompson,	1958).	Nevertheless,	even	using	this	rough	classification	
scheme,	we	observed	 a	 link	 between	parasitoid	 host	 specialization	
and	 response	specificity,	 supporting	 the	 idea	 that	specialization	 re-




that	 parasitoids	 with	 prior	 oviposition	 experience	 failed	 to	 respond	
to	HIPVs.	This	observation	 raises	 the	 following	question:	 are	our	 re-
sults	strongly	affected	by	the	publication	bias	against	negative	results	
(Thornton	&	 Lee,	 2000)?	Or	 does	 it	mean	 that	 all	 parasitoid	 species	
can	 detect	 HIPVs?	 Buitenhuis,	 Vet,	 Boivin,	 and	 Brodeur	 (2005)	 re-
ported	that	experienced	mated	females	were	not	attracted	to	HIPVs	
in	four	hyperparasitoid	species.	The	authors	concluded	that	hyperpar-
asitoids	 did	 not	 rely	 on	 chemical	 cues	 to	 locate	 their	 hosts,	 but	 this	
generalization	 appears	 to	 be	 false	 (Poelman	 et	al.,	 2012).	 Similarly,	





might	 have	been	 crucial.	 Evidence	 for	 this	 concern	 comes	 from	 two	
other	 studies:	 naive	 Exorista japonica	 females	were	 not	 attracted	 by	
host-	damaged	corn	plants	when	left	for	2	min	in	a	wind	tunnel	(Kainoh,	
Tanaka,	&	Nakamura,	1999)	but	they	were	when	left	for	5	min	(Ichiki,	
Kainoh,	 Kugimiya,	 Takabayashi,	 &	 Nakamura,	 2008).	 Likewise,	 naive	
Trichogramma brassicae	females	were	not	attracted	by	Pieris brassicae-	
damaged	Brussels	sprouts	when	single	individuals	were	left	for	5	min	
in	a	Y-	olfactometer	 (Fatouros	et	al.,	2005),	but	10	 individuals	 left	 for	
30	min	in	the	same	device	were	significantly	attracted	by	Brassica nigra 
damaged	 by	 P. brassicae	 (Fatouros	 et	al.,	 2012)..	 Ambient	 conditions	









Wajnberg,	 Colazza,	 Curty,	 &	 Fauvergue,	 2004),	 and	 Cotesia vestalis,	
(Potting,	Poppy,	&	Schuler,	1999;	Shiojiri	et	al.,	2000)).	 It	 is	 therefore	
difficult	to	definitively	conclude	that	a	species	is	not	attracted	by	HIPVs.
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Contrary	 to	 the	 predicted	 relationship	 between	 dietary	 special-
ization	and	infochemical	use,	response	innateness	was	not	associated	
with	 host	 specialization	 in	 parasitoids.	 Our	 results	 suggest	 almost	
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